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- —  This  report  contai:  a  preliminary  information  pertaining  to  a 
Jhres  Astronaut  £pace  S/steo  Experimental  Esboratory,  *TASSEL*. 

Space  laboratory  Tassel  would  utilise  the  boost  capability  of 
Atlae/Centaur.  Its  purpose  is  primarily  for  conducting  basic  research 
in  the  biomedical  and  equipment  evaluation  sciences.  Its  early 
availability  would  enable  it  to  fill  the  gap  betweer  the  Mercury 
capsule  experiments  and  the  permanent  space  station.  Beyond  this 
period  its  usefulness  would  be  limited  to  special  short  term  research 
projects,  y This  report  Id  prepared  under  funds  awarded  by  KEA  #114-9135 
titled,  "Aavknced  Space  System  Study*.  Enclosed  are  vehicle  design 
parameters,  capabilities  and  operations. 
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INTRODUCTION 

The  era  between  the  Mercury  experiments  and  the  permanent  apace 
atation  must  be  planned  for  a  continuing  program  of  manned  orbital 
reaearch.  This  will  be  necessary  for  the  broadening  of  our  space 
technologies  and  insuring  economical  optimum  designs  of  future  manned 
spacecraft. 

The  Mercury  experiments  will  provids  considerable  information 
about  man's  ability  to  perform  in  a  weightless  environment,  the 
functioning  of  hie  equipment  and  orbital  control  techniques.  &it 
due  to  limited  pay load e,  these  experiment a  will  be  confined  only 
to  a  small  portion  of  what  is  needed.  For  instanoe,  time  duration 
at  sero  or  reduced  gravity  appears  to  be  an  important  psychological 
and  physiological  parameter.  One-day  orbital  flights  with  the  present 
Mercury  capsule  will  tell  little  about  what  men  will  be  able  to 
do  over  extended  periods  aloft  or  his  physiologlcsl  condition  for 
re-entry  after  prolonged  periods  at  sero  or  reduced  gravity.  They 
will  tell  little  if  anything  about  psychological  or  sociological 
effects  upon  individuals  undergoing  prolonged  confinement  in  space. 

Some  of  these  questions  can  be  resolve^  in  spare  simulators 
on  earth,  but  as  these  devices  are  not  capable  of  complete  simulation, 
most  experiments  must  be  made  in  real  space  environment.  It  is 
apparent,  therefore,  that  a  space  laboratory  must  be  available  for 
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basic  research  by  tbs  tins  tbs  Mercury's  usefulness  declines. 

Tbs  specs  laboratory  would  have  to  be  a  flemihle  systea,  simply 
designed  and  utilising  existing  technologies  and  hardware  in  order 
to  be  available  in  the  early  sixties. 

The  space  laboratory  Tasael  (Jhree  Astronaut  Space  System 
Experimental  laboratory)  presented  in  this  report  provides  as  ideally 
suited  system  for  performing  the  missions  required  of  an  early 
space  laboratory.  It  is  shown  in  the  frontispiece  in  a  200  n.  mi. 
orbit  with  its  three-astronaut  re-entry  capsule  attached.  This 
laboratory  would  be  capable  of  simulating  any  desirable  level  of 
gravitational  environment.  Figure  1  shows  the  ascent  of  Tassel 
utilising  the  launch  booster,  Atlas-Centaur.  Injection  into  orbit 
is  accomplished  by  the  Centaur  stage  after  Atlas  burnout.  In  orbit 
the  depleted  Centaur  stage  serves  as  a  counter  mass  for  the  laboratory, 
thus  creating  artificial  gravity  as  the  cable-connected  two-body 
systea  rotates  about  its  common  center  of  mass. 

Tassel  possesses  certain  unique  advantages  that  permit  it  to 
beoome  operational  early  in  the  history  of  manned  space  flight.  No 
technological  breakthroughs  are  required  before  it  can  perform  a 
successful  mission.  For  example,  it  does  not  require  solution  to 
the  rendesvous  problem  as  its  cabin,  cargo,  earth  return  vehicle  and 
the  astronauts  are  delivered  into  orbit  in  one  package.  The  orbit 
may  be  any  one  of  a  number  requiring  only  relatively  cruie  guidance 
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for  injection.  Although  Tassel  in  limited  to  sfaort-tem  experiments 
of  two  or  thrse  weeks,  moat  of  the  fundamental  problems  of  can  lmc 
spec*  can  ba  resolved  during  this  duration.  The  apaoa  laboratory 
is  a  sunt  for  tha  economical  development  of  all  eCTanced  manned 
spacecraft. 

After  certain  technological  breakthroughs  ara  gained  and  large- 
scale  undertakings  in  spaoa  begin,  the  permanent  apace  station  will 
be  needed  to  train  crews  for  long  interplanetary  expeditious,  make 
long-term  evaluations  of  space  travel  equipment  and  provide  a  platform 
for  astronomical  study,  weather  reconnaissance,  orbital  assembly, 
medical  research,  eta. 

In  addition  to  orbital  research,  Tassel  can  be  used  for  simulating 
space  flight  conditions.  For  example,  a  manned  lunar  misalon  may 
be  performed  in  the  following  manner*  After  the  system  ie  in  orbit, 
torque  forces  are  not  applied.  The  system  then  simulates  the  free 
fall  condition  during  the  approximate  2-1/2  day  trip  to  th*  moon. 

At  the  completion  of  the  2-1/2  days,  torque  forces  are  applied  with 
sufficient  thrust  to  obtain  1/6  8  gravity  environment,  the  same 
magnigide  as  encountered  on  the  moon.  This  rotation  can  be  main¬ 
tained  as  long  as  the  hypothetical  lunar  landing  party  is  on  the 
surface  of  the  moon  Rotation  will  then  be  stopped  in  order  to 
simulate  the  free  fall  condition  of  the  return  trip. 

The  descent  to  earth  would  be  made  in  the  re-entry  capsule 
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utilised  in  this  system,  Thus  *  complete  manned  lunar  landing  mieeioo 
could  ba  eimulated  without  tha  vahlcla  leaving  terrestrial  apace 
where  extensive  talamatry  data  could  ba  accumulated  on  human  reaction 
and  with  minimum  danger. 

Tasael  la  a  atepping  stone  in  the  aariea  of  events  leading  to 
manned  apace  flight  and  ia  a  logical  progression  of  accomplishments 
toward  the  space  science  program.  Tassel  would  be  followed  by 
permanent  space  stations,  such  as  the  Outpost  aeries  proposed  by 
K.  A.  Ehricke,  having  several  men  aboard  with  indefinite  staytimes, 
than  by  lunar  landing  programs  building  up  to  interplanetary  flight 
oapabilitiea. 
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TABLE  1 

liHl  Principal  Data 

Operation*!  1963 


Booater  Syatea 
Entry  Vehicle 
Crew 
Duration 
Orbital  Weight 
Gravity  Level 
Orbital  Altitude 
Over-all  Length 
Over-all  Diameter 
Total  Internal  Volume 


Atlaa/Centaur 

Taac 

3 

1  to  3  weeka 
~ 4$  tona 

0  to  lg  (1/6  8  noraal) 
200  n.  nit 
28  ft. 

10  ft. 

1,200  cu.  ft. 

0.04  g 

27  fpa 
—  500  Kwh 

630  aq.  ft. 

110  aq.  ft. 

160  aq.  ft. 

40  aq.  ft. 

50  aq.  ft. 

•f  a*  lawia  lm,  raw  ia. 

Wk  tmrm  II  praneitd  by  l*v. 


Corlolia  Acceleration  h  ft/aec.  Rad.  Motion) 
\2  rpa  -  500'  cable  / 

Circumferential  Velocity  (2  rpa  -  500'  cable 

Power  Requireaent  (02  or  H2  Fuel  Cell) 

ftrtarior  Radiating  Surface  Areaa 


Outer  Ml  Total 

(56)1  of  are*  ia  adjacent  to  inner  cebln  capaule) 

Surface  Area  of  Cabin  Bulkheada 

Surface  Area  of  Earth  Return  Vehicle 

Surface  Area  of  Air  Lock 

Surface  Aree  of  External  Radlatora 

(Thla  area  ia  part  of  outer  ahell  and  can  be 
doubled  if  neceeaary) 
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SUMMARY 

Tbit  rsport  presents  4  pre 11 Binary  concept  of  a  mlnimum-alta 
space  laboratory  which  could  be  operational  in  the  early  sixties. 

The  priaary  purpose  of  the  laboratory  is  to  eorv-  as  an  experi¬ 
mental  platform  for  establishing  basic  requirements  and  verifying 
basic  hypotebseu  relating  to  the  science  of  manned  space  flight. 

The  priaary  missions  of  the  space  laboratory  erst 

a.  To  put  men  into  space  for  extended  periods  and  learn  their 
physical  reactions  and  to  determine  what  they  are  capable  of 
doing. 

b.  To  determine  whether  artificial  gravity  muat  be  provided 

to  permit  proper  functioning  of  equipment  and  for  the  orientation 
and  general  well-being  of  the  aetroneuts,  1.#.,  to  rotate  or 
not. 

c.  To  conduct  laboratory  experiments  of  a  piyrchological  and 
sociological  nature  in  the  confined  environment  of  spaoe. 

d.  To  provide  a  platform  for  designing  and  tasting  apparatus 
and  equipment  for  advanced  spao#  vehicles. 

e.  To  conduct  laboratory  experiments  of  a  biological  nature 
by  varying  the  atmospheric  pressure,  temperature  and  humidity 
during  reduced  or  sen  gravity  conditions. 

f.  To  select  and  coalition  crews  for  specs  station  and 
early  space  expeditions. 

Tint  dramat  content  tnHonofmn  tHoctaf  At  nottonoi  Mhm  «4  tN  U«M  Stitn  viftia  tto  mav(  •*  IN  Ciponjf*  Inn.  Tint  It. 
USC.  Soct mm  7U  tut  Tt*  TN  bwumluton  v  Sa  »**oUtmn  of  it*  contain  in  my  mrnurn  to  -  ttomed  potion  n  proftifctoo  by  lew 


I 

CONVAIR  I  ASTRONAUTICS 

g,  To  oak*  real  time  obearvationa  and  scientific  measurements 
of  earth  and  local  apace  and  possibly  observations  of  daap  apace, 
b,  Tp  provide  a  platform  for  developing  and  perftpting  orbital 
rendmsmoue  and  apaoe  reacue  teohniquee. 

Early  laboratory  missions  are  planned  aa  inclined  orbita  about 
the  equator.  Soma  later  orbits  could  possibly  be  polar.  (Radis .Ion 
becomes  an  important  factor  if  tha  orbit  ia  above  30°  latitude.) 

The  following  itema  liat  the  merits  of  the  temporary  apaoe 
laboratory,  Tassel,  for  early  apace  research,  phasing  it  between  the 
Mercury  program  and  the  permanent  space  station. 

a.  Taaaal  would  allow  early  apace  laboratory  development  because 
it  is  based  on  existing  hardware,  hardware  under  development,  and 
hardware  which  can  be  obtained  quickly  with  existing  technology. 

The  majority  of  the  dollars  epsnt,  therefore,  would  go  directly 
into  hardware. 

bc  Instead  of  spending  a  large  portion  of  development  effort 
solving  the  orbital  rendezvous  technique  to  a  workable  degree 
before  manned  orbital  research  can  begin,  it  appears  more 
economical  coatwise  and  timewise  to  develop  the  tec  aa  separata 
programs  rather  than  hold  up  one  because  of  need  for  the  other. 
Tassel  has  no  need  for  rendssvoua,  but  among  other  things  can 
serve  aa  a  platform  for  its  technical  development, 
o.  Tassel  does  not  require  precise  launchings  into  predetermined 
or  must  it  be  located  in  an  orbit  to  allow  repaated 
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accessibility  from  a  fixed  launching  site.  The  same  launohlng 
■it#  end  communication  network  aet  up  for  the  Mercury  program 
could  eerve  for  Tassel,  therefore  no  new  equatorial  launching 
aitee  or  communication  atatione  would  have  to  be  fonstructed. 

A  far  leaa  expenaive  prograa  thus  would  be  provided  at  a  atueh 
earlier  date. 

d.  Not  all  aieaiona  can  be  aatiefied  with  one  peraanent  orbit. 
Taeeel  can  make  auoceeaive  orbital  flights  at  different  altltudee 
and  inclinationa ,  If  Taaeel  ia  programed  for  a  particular  orbit 
and  fails,  it  la  more  than  likely  that  whatever  lta  orbit, 
provided  it  ie  not  dangerous,  will  be  suitable  for  use.  This 

la  in  contrast  to  a  rendesvous  flight  wherein  a  alas  ia  a 
complete  loan. 

e.  The  dost  of  an  expendable  vehicle  such  aa  Taeeel  la  perhape 

a  bit  more  expensive  then  a  permanent  apace  etation  when  considered 
ovar  •  long  period  of  operation  provided  very  few  rendesvous 
miacee  are  encountered  and  the  launching  aitee  are  not  inoluded 
in  the  ooat.  Mieaee  are  a  hard  item  to  appralee  but  could  well 
mean  tl  .t  Tassel  experiments  are  far  less  expensive  in  ovar -all 
operation, 

f.  One  of  the  important  purpose*  of  the  epace  laboratory  la 
to  eerve  as  a  platform  to  develop  and  optimise  equipment  for 
advanced  space  vehicles.  Subsequent  firings  of  Taeael  could  carry 
into  orbit  new  advanced  designs  to  be  evaluated.  These  could  be 
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Incorporated  at  the  factory  rather  than  to  attempt  Salvage  of 
rework ad  equipment  aa  would  be  necessary  aboard  a  permanent  apace 
station.  Revcrk  of  equipment  aboard  a  permanent  station  would 
appear  to  be  very  restricted,  time  consuming,  expensive  and  often 
dangerous. 

g.  Teasel  can  be  orbited  at  relatively  low  altitudes  because 
the  reaidu&l  drag  during  its  limited  lifetime  will  not  appreciably 
decay  the  orhit.  The  lower  altitudes  allow  a  greater  payload 

said  a  lighter-weight  re-entry  vehicle.  In  case  of  a  strong  aolar 
flare  where  It  ie  mandatory  to  abandon  ship,  the  lower  altitude 
permits  the  astronauts  to  return  home  more  quickly  than  thay 
could  from  higher  orbits. 

h.  Because  bass el  is  expendable,  no  heavy  shielding  against 
aolar  flaree  io  necessary.  The  earth-return  capsule  ia  part  of 
the  cabin  and  ia  in  a  vary  convenient  position  for  qulok  bailout 
if  radiation  becomes  excessive.  Thus  the  astronauts  can  jump 
into  the  capsule  and  depart  in  a  quicker  time  than  the  astronaute 
of  a  permanent  apace  Btation  can  don  their  apaoe  suits  and  work 
their  way  out  of  the  airlock  to  their  lifeboats. 

i.  It  may  bt»  necessary  on  return  to  earth  before  leaving  a 
space  vehicle  to  provide  a  G-level  of  one  or  more  to  conuition 
the  astronauts  for  their  re-entry  trip.  Tassel,  with  its  ability 
to  change  its  G-level  by  merely  shortening  the  connecting  cable, 
ia  very  adaptable  to  such  a  requirement. 
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J.  Because  Tassel  creates  ita  artificial  gravity  by  rotating 
two  masses  connected  by  cable,  it  ia  posaible  t?  reduce  the 
rotational  period  and  coriolia  aide  effect  to  a  low  level  and 
still  maintain  suitable  centrifugal  acceleration  by  designing  a 
long  cable  into  the  system.  Iba  resulting  low  period  reduces 
tbs  problem  of  the  rotating  communication  antenna  and  that  of 
general  orientation. 

k.  Since  Tassel  ia  a  temporary  space  system,  it  is  free  from 
the  expense  of  long-term  orbital  maintenance  such  as  would  be 
required  of  a  permanent  station.  Once  a  peroanant  system  is 
operational,  it  must  be  maintained  whether  high  periority  research 
ia  being  conducted  or  not,  Thle  could  result  in  a  rather 
expensive  overall  cost. 

Tha  short-tsrm  system.  Tassel,  would  be  launched  and  operatad 
only  whan  required  by  concentrated  programs.  This  makss  it 
posaible  to  evolve  a  system  step  by  step  with  redesign  periods 
between  each  succesaive  flight,  thus,  building  up  to  an  ideal 
apace  system.  Other  oxp*ria  nts  particularly  in  the  biomedical 
fields  may  require  several  Tassel  laboratories  in  space  at  one 
time  or  there  nay  be  waiting  periods  for  reconstruction  when  non# 
will  be  in  operation.  Tassel  launchings  would  therefore  by 
nature  be  very  flexible. 
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1.  Tassel  flights  could  easily  be  postponed  if  bad  weather 
persisted.  To  keep  the  permanent  system  operating  these  postpone* 
ments  would  be  somewhat  limited  because  personnel  and  supplies 
would  have  to  get  through  to  keep  the  station  in  continuous 
operation.  Therefore,  a  higher  structural  factor  would  have  to 
be  designed  into  the  structure  of  the  permanent  stations  support 
vehicles  than  into  the  structure  of  Tassel. 

The  system  consists  of  an  Atlas/Centaur  missile  with  a  payload 
containing  a  "Mercury-type"  capsule  and  orbital  living  quarters.  The 
unique  characteristic  of  this  space  laboratory  is  that  it  would  be 
fired  into  orbit  as  a  unit,  l.e.,  the  astronauts,  their  living  quarters, 
their  supplies  and  return  vehicle  would  be  launched  at  the  same  time. 
This  eliminates  the  complex  problems  and  expense  of  rendezvous  in  space. 

The  space  laboratory  would  house  three  astronauts  with  sufficient 
provisions  for  several  weeks  staytims  with  accommodations  for  work, 
sat,  sleep,  toilet  and  exercise.  These  activities,  generally,  would  be 
performed  under  artificial  gravity  created  by  routing  a  cable-connected 
two-body  system  about  its  common  cenUr  of  mass.  The  gravity  level 
may  be  varied  by  changing  the  laboratory’s  roUtional  velocity.  This 
may  be  accomplished  by  Increasing  or  decreasing  the  cable  length  since 
the  law  of  conservation  of  momentum  applies.  Calculations  show  that 
by  adding  a  winch  to  the  cable  system  the  versatility  feature  of  changing 
gravity  levels  may  be  obtained  at  a  relatively  small  cost  to  the 
overall  weight.  This  being  compared  to  changes  in  angular  velocity 
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of  a  fixed  cabla  system  with  rocket  impulse. 

A  ;.ocg  connecting  cabla  joining  the  two-body  system  provides  suitable 
gravity  ..avals  at  low  rpa.  The  accomp&nlng  aide  (ooriolia)  acceleration* 
axe  also  quite  low.  Tor  example,  a  $00  foot  oable  ayatem  rotating  at 
2  rpa  provides  about  1/&  G  vertical  acceleration.  At  1  ft/aec.  radial 
velocity,  the  reaulting  aide  acceleration  ia  about  20$  the  vertical.  On 
the  other  hand,  a  shorter  system  with  a  27  foot  long  cable  at  2  rpa 
the  aide  acceleration  is  about  4  times  the  vertical. 

The  concept  of  the  apace  laboratory  ia  eo  arranged  that  moat 
orbital  experiments  and  oparations  may  be  carried  on  by  a  shirt  sleeved 
crew.  In  caaa  of  emergencies  auch  aa  meteorite  penetration,  solar 
flarea  or  other,  crew  members  can  escape  to  their  re-entry  capsule 
without  having  to  don  apace  suite  and  paea  through  air  locks.  This 
allows  rapid  departure  which  is  an  important  safety  precaution  for  crew 
survival. 

Generally  speaking,  the  apace  laboratory  operates  in  an  orbit 
free  from  any  appreciable  radiation  except  strong  solar  flares.  At 
times  of  high  solar  activity,  no  space  laboratory  will  be  orbited. 

If  a  flare  should  be  emmitted  from  the  sun  or  gfebeeeive  radiation  U ' 
from  other  aourcee  be  encountered  during  flight,  the  astronauts  will 
have  sufficient  warning  from  their  own  radiation  counters  and  from  the 
earth  observations  to  bail-out  end  return  to  earth  before  radiation 
damage  becomes  serious.  (It  is  believed  that  a  little  over  a  half- 
hour  period  would  be  permitted  after  «  large  flare  emits  before  a 

dangerous  accumulated  radiation  level  is  reached. ) _ _ 
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Although  the  syatea  concept  of  Tassel  ie  baaed  on  the  aaxlamm 
payload  "two-start*  trajectory,  l.e.,  utilising  an  interrupted  thrust 
transfer  ellipse,  it  nay  be  acre  desirable  from  the  viewpoint  of 
existing  guidance  and  tracking  to  piece  the  laboratory  imeed lately 
into  orbit  ("one -a tart"  trajectory) ,  Tide  latter  trajectory  would 
reduce  the  payload  approximately  2,000  pounds  which  would  reeult  in 
decreasing  the  crew  aiae,  staytime  or  experimental  capabilities. 

Growth  Centaurs  would  allow  mors  favorabls  trade-offs. 

Three  astronauts  ia  believed  a  alnlaua  crew  for  carrying  out 
full  duration  operations,  for  first  flights  with  short  ornital  life 
it  aay  be  desirable  to  oparate  a  two-nan  ayatea.  However,  it  appears 
most  economical  to  design  for  three  and  eliminate  one  from  the  flight 
if  the  requirement  due  to  safety,  payload  limitation  or  other  reasons 
dsem  it  necessary. 

Tbs  activities  and  tasks  assigned  to  the  first  manned  flights  of 
Tassel  will  probably  be  restricted  to  the  normal  operations  of 
establishing  ths  laboratory  in  orbit.  This  will  consist  of  phases 
starting  from  launch  to  orbital  in/ action,  than  orienting  the  earth- 
return  capsule  for  cabin  access,  detaching  ths  Centaur  booster  tank 
and  unreeling  it  to  cable's  length,  initiating  rotation  for  artifiggkel 
gravity,  entering  the  specs  cabin  and  putting  ths  station  into  Operation. 
After  a  short  stay  in  orbit  the  astronauts  nay  return  to  their  re-entry 
capsule  and  leave  for  earth. 
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Hush  would  ba  lsarnsd  froa  tha  first  succsssful  flight  of  Tasasl, 
both  froa  tbs  standpoint  of  vshicls  oparation  and  froa  tha  standpoint 
of  ths  astronauts'  ability  to  psrfora  in  spaos.  Conditions  will  bs 
as  favorsbla  as  possibls  to  aohisvs  a  auoosssful  aisaion.  Suooosding 
flights  would  than  bsgin  ths  plannsd  sxparinsnta. 
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Table  2  —  Eat  lee  ted  Tiee  Phasing  of  Maimed  Space  Systeae 
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The  first  frontispiece  portrays  Tassel  In  *  200  n.  mi.  orbit  Tbs 
labors tor/  with  Its  re-«nt ry  oapsula  is  show  in  ths  for aground.  Tbs 
bod/  on  ths  opposits  and  of  ths  cabls  is  ths  doplstsd  Csntaur  tankage. 
Aftsr  Atlas  burnout,  ths  Csntaur  provide*  iapulss  for  injecting  tbs 
Tassel  into  orbit.  Ths  two  bodies  are  rotating  about  their  common 
canter  of  mass,  which  is  along  ths  cable  about  a  quarter  of  the 
distance  to  ths  Csntaur.  This  rotation  ersatsa  csntrifugal  gravity  for 
tbs  astronauts  comfort. 

Tbs  second  frontispiece  is  a  cutaway  of  ths  apaoe  laboratory 
•bowing  the  thras  astronauts  and  thsir  cabin  arrangaasnt. 

Ths  space  cabin  consists  of  two  floors.  Ths  apper  floor  is  the 
work  center  and  laboratory  area,  and  it  also  contains  the  galley. 

The  lover  floor  la  the  recreation  room  with  sanitary  facilities  in 
an  adjoining  room  and  life  support  equipment  in  another  adjoining 
rooal  Below  the  lower  floor  in  a  convenient  location  for  Jettisoning 
is  ths  re-entry  vehicle  Taso  (Ihree  Astronaut  Space  £epeule) .  Tasc 
la  a  sleeping  facility  during  orbiggl/etay,  and  it  is  kept  In 
readiness  for  earth  return  in  oaae  of  emergency. 

The  design  of  Tassel  is  influenced  by  its  relationship  to  the 
Atlas-Centaur  booster  system,  i.e.,  about  4$  tons,  10  ft.  in 
diameter  end  relatively  short  in  length.  The  complete  launch 

n*  ScmM  emlatm  MtoriMtiei)  itH cIk*  tfc*  MtWnd  Slwi  ot  On  UtMM  SlMn  tM  m— »m  *t  Bvt  Uetwuy.  Un,  Trt+e  !l, 
USC,  ietOM  TM  mi  TS4  Tlw  baimuw'  v  Bw  rvnUtw  of  :u  canned  ws  «iy  WMK  t»  m  wwvteortmS  ftrtex  u  pfoM»t*d  by  In 


TM _ 22 


L 


CONVAJR 


||  ASTR  3NAUTICS 


«fwn  AJL  ti0rQ22&..- 

f»st.  _  .  24 _ 


( 


( 


vehicle  la  shown  in  the  artist's  conception  in  Figure  1  ana  aa  a 
line  drawing  in  Figure  2.  The  modified  Atlas  with  a  Centaur 
upper  etage  carriea  Taaael  aa  ita  payload.  The  forward  end  of  the 
Atlaa  oxidirsr  tank  ia  cylindrical  inatead  of  conical  aa  in  tha 
1CBM.  Atlaa/Cantaur  flight  tank  preaauree  are  maintained  at  their 
normal  value at  the  tanka  are  preasure-atabiliaed  so  that  the  akin 
material  remaina  in  tenaion  for  all  expected  loada  of  accent. 

The  overall  height  of  the  ascent  vehicle  ia  about  122  feet 
with  a  lb. 5  foot  capsule  aacape  pylon  added,  thus,  giving  a  total 
of  about  138.5  feet.  The  elliptical  bulkhead  of  the  cabin  is 
made  flexible  and  is  partially  deflected  to  shorten  the  adapter 
length  between  the  cabin  and  the  Centaur  tank  ana  to  save  on  the 
overall  length  of  the  vehicle.  The  ahorter  aiasile  allows  a  more 
favorable  condition  when  considering  aerolaatic  bending  moments 
which  are  created  during  aaoent. 

For  emergency,  the  re-entry  capsule  Taec,  housing  the 
astronauts,  ia  placed  on  top  of  the  launch  vehicle.  This  aata > 
tha  capsule  in  a  position  that  allows  split-second  Jettisoning 
in  case  a  malfunctioning  of  the  ascent  vehicle  should  occur. 

Directly  below  Taec  is  the  space  cahin.  It  is  pressurised,  but 
uninhabited  during  launch.  Its  internal  pressure  ia  only  enough 
to  sustain  structural  loada  during  ascent  and  as  the  vehicle  aacenda, 
the  internal  air  ia  reduced.  This  will  maintain  a  constant  praasure 
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artificial  gravity  which  will  be  produced  by  rotation  while  is  orbit. 

Is  order  to  make  use  of  the  oapsule  aa  sleeping  quarters  and  provide 
easy  access  for  emergency  departure  and  eliminate  the  need  for  strapping 
personnel  to  the  ceiling,  the  capsule  isust  be  inverted  after  arrival 
in  orbit. 

This  is  not  considered  s  difficult  maneuver  for  the  first 
astronaut  in  tbs  Mercury  capsule  will  be  required  to  perform  a 
similar  task  in  order  to  re-enter  his  capsule  into  the  atmosphere. 

orbital  arrive!  ?afic  will  be  oriented  with  respect  to  the 
cabin  <  i  can  be  turned  over  and  rejoined  in  the  following  manner i 
Whan  Tesc  la  released  from  the  vaoin  in  its  gravity-free  environment, 
it  is  moved  slowly  away  by  compression  springs.  Two  low-streng‘ ' 
cables  attaching  the  two  bodiee  together  have  enough  slack  to 
allow  a  few  feet  departure.  With  control  jets,  eutopilot  and 
manual-visual  control  aboard  tbs  capsule,  it  is  a  almpls  matter 
to  flip  Taao  over.  Then  by  emo*  of  t  wo  small  vine  has,  tbs  capsule 
is  pulled  into  the  tapered  female  seat  provided  on  the  cabin.  The 
capsule  is  then  locked  in  place  and  pressure  seals  energised.  (The 
joint  may  be  later  caulked  by  hand  if  leakage  thru  the  seal  beoomes 
excessive, ) 

With  the  re-entry  vehicle  Tesc  located,  the  tunnel  between 
it  and  the  cabin  is  ready  for  preesurlsation.  This  the-  may  be 
followed  opening  the  top  dour  of  Tasc  and  the  lev  *  or  of  the 
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cabin  and  thus  gaining  entry  into  the  laboratory. 

With  this  maneuver  completed, the  Centaur  on  the  opposite  end 
of  the  cabin  is  released  and  slowly  departed  te  cables  length. 

A  shock  absorber  is  noun ted  on  the  cable  to  absorb  the  shook  load 
when  this  oable  become*  taut.  The  shock  absorber  programs  the 
rotation  rockets  on  the  vehicle  which  starts  the  system  rotating. 

A  G-level  of  any  desired  magnitude  can  be  obtained  through  varia¬ 
tions  in  angular  velocity.  For  example,  an  acceleration  of  1 /b  G 
say  be  obtained  in  the  laboratory. by  rotating  the  system  with  a 
500  foot  connecting  oablo  at  about  ?  rpm.  The  gravitational 
environment  may  be  easily  adjusted  to  any  desired  levol  simply  by 
adjusting  the  cable  length  varying  the  rotational  velocity  of  the 
system.  During  this  maneuver,  the  astronauts  will  probably  be 
inside  Tare.  After  initiating  rotation,  the  cabin  can  be  entered 
and  the  space  laboratory  put  into  operation. 

To  answer  the  question,  there  are  of  course  several  factors 
that  oust  be  considered.  First,  curing  the  period  of  tbs  proposed 
space  laboratory,  there  will  be  only  one  reliable  booster  aystwm 
available  to  accomplish  the  task,  namely,  the  Atlas- Centaur.  This 
booster  system  has  a  fixed  weight  payload  capacity  for  low  altitude 
orbits  of  about  4$-  tons.  Figure  8  shows  that  4^  tons  (9000  lbs) 
would  allow  a  specs  laboratory  to  orbit  4  man  for  a  few  days,  3 
foi  about  3  weeks  or  2  for  nearly  five  weeks.  Therefore  the 


Tni i  document  co-n'a-ni  ■ntormiH,'i  ’‘g  ’^e  na»iOr*aJ  detense  r-t  Unit'd  States  i*e  '"em^ng  Of  the  Espionage  la*$  Title  18. 

USC  Sftli'jnj  '93  ir.C  ’34  The  ss*cn  Of  feveWiG"  3t  *t$  CO^ents  m  any  rr»nn«i  ‘0  if.  unau^Ofued  £>« 1  s; n  is  p  Ohib-teo  b;  !jw 


-.-‘VS  A  ?C?  7 


V 


I  ~  9 


9 

* 

4 


i 


A 

i 

1 

•i 

i 


4 

.4 

4  * 


i 


i 


r 


I 


CONVAIR  ASTRONAUTICS 


ttwir  AS  600222 

p«e . .  29 _ 


•pace  laboratory  la  limited  to  a  maximum  of  four.  The  second  factor 
la  the  minimum  Dumber  of  crew  members  required  to  perform  intended 
missions  which  include  manning  the  vehiole  and  performing  experiments. 

The  minimum  number  of  crew  members  to  nan  a  space  laboratory 
appears  somewhat  arbitrary.  However,  if  certain  safeguards  ere 
observed  along  with  normal  operations,  it  points  to  a  conclusion 
that  someone  must  be  on  duty  et  ell  timea.  Although  every  effort 
will  be  made  by  designers  to  develop  e  cabin  system  capable  of 
automatically  controlling  its  pre-set  terrestrial  environment 
thereby  permitting  tbe  astronauts  to  sleep  or  conoentrate  on  the 
experiments  required  to  accomplish  the  mission,  it  appears  far  too 
risky  in  this  new  eoienee  to  expect  100%  reliability  of  tbe  systems. 
Other  teska  requiring  continuous  duty  would  be  radio  communication, 
surveillance  of  other  crew  members  and  emergency  duty  such  as 
quick  fix  for  punctures  or  breaks  in  tbe  cabin  capsule,  immediate 
repair  In  evant  of  electric  power  failure  or  other  such  operating 
equlpmaut.  It  is  true  the*  teltvision  and  telemeter  communication 
with  ground  facilities  might  raplace  a  man  on  duty  and  alert  the 
crew  if  emergencies  prevail,  but,  this  would  require  a  very  costly 
network  of  ground  stations  which  are  not  available  or  expected  to 
be  available  during  the  period  of  the  space  laboratory.  Since 
someone  must  be  on  duty  at  all  tixies,  it  seems  in  keeping  with 
man's  standard  practice  to  be  on  duty  1/3  of  the  day  allowing  him 
2/3  of  the  remaining  for  aleep,  recreation  and  performing  laboratory 
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tasks.  (Laboratory  tasks  would  consist  of  experimental  ventures 
MSlOda  th«  cabin,  changing  tha  gravity  level  in  tha  cabin  and 
determining  its  affact  on  the  craw  and  equipment,  ax; -nriaanting 
with  aniaals,  optimising  future  apaoecraft  hardware,  etc.)  Operator's 
duties  plus  experimental  tasks  appear  to  be  a  full  program  and 
would  keep  an  astronaut  quite  busy.  With  this  arrangement,  3 
astronauts  would  ba  a  craw. 

Thera  is  another  aspect  to  tha  laboratory's  mission  which  is 
an  important  parameter  in  determining  man's  requirements  for  future 
spacecraft  designs  and  missionst  it  is  that  of  establishing  a  man's 
psychological  and  sociological  adjustment  to  others  in  tha  isolated 
closed  system  of  the  space  cabin.  A  three-man  system  would  allow  an 
astronaut  working  contact  with  at  least  one  of  the  other  two  crew 
members  through  moat  of  hie  working  periods.  This  is  sasential  and 
ia  possible  only  with  three  or  more  crew  members. 

Although  certain  sociological  peculiarities  exist  in  groups 
of  threes,  suoh  as  two  Joining  forces  against  tbs  third,  it  appears 
that  this  condition  is  not  particularly  valid  on  a  daily  schedule 
since  usually  only  two  will  be  associating  at  any  one  timm  The 
third  will  be  off-duty  reading  or  sleeping  in  his  isolated  compartment. 

One  of  the  space  laboratory's  sain  functions  will,  be  to  determine 
man's  endurance  under  extreme  conditions  of  pressure,  temperature 
and  atmospheric  content  at  reduced  gravity.  It  ie  very  possible 
that  one  member  will  become  quite  ill  when  ble  limit  ie  reached 
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and  be  alow  in  recovery,  Under  auch  conditions,  a van  a  thraa-esn 
oraw  will  be  overburdened  with  extra  work. 

It  seems  quite  clear  that  a  minimum  of  three  would  be  required 
for  tripa  to  the  noon.  The  a pace  laboratory  would  be  no re  uaeful 
if  it  ware  able  to  train  crawa  and  develop  equipment  for  auch  a 
elision. 

From  the  foregoing  disouesion,  it  ia  apparent  that  a  craw  of 
three  or  mors  ia  neceaaary  to  nan  the  vehlole.  Four  would  cut 
the  orbital  staytlme  down  to  too  short  a  duration. 

Xtog.fim 

In  picking  crew  members,  it  would  be  rather  unlikely  that 
fewer  than  three  astronauts  could  be  found  who  were  proficient  enough 
to  physically  and  intelligently  neat  the  requirements  of  a  apace 
laboratory. 

Since  the  apace  laboratory  haa  nan y  functions,  the  astronauts 
not  only  will  have  to  be  adaptable  to  space  flight,  but  must  also 
be  specialists  in  particular  fields  to  maintain  the  vehicle  and 
to  accomplish  a  successful  mission.  It  would  be  practically 
impossible  to  expect  to  find  an  astronaut  candidate  who  was  a 
■jaok-of-all- trades. ■  He,  of  course,  could  perform  limited  duties 
in  many  fields,  but  more  than  likely  would  not  be  very  proficient  during 
ceees  of  emergency.  Three  types  of  experts  appear  to  be  required* 
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two  enginesrs  and  a  medical  doctor.  On*  engineer  would  ba  as 
electronics  export,  tie  would  have  a  complete  understanding  of  tba 
comunlcations,  telemetor  and  electronic  systems.  He  would  be 
proficient  in  theories  of  trajectories,  guidance,  navigation,  errors, 
reoo very,  etc.  The  second  engineer  would  be  an  expert  in  operating 
and  maintaining  equipment  aboard.  He  wculd  serve  as  an  inspector, 
a  trouble  shooter,  a  mechanic  and  a  designer.  Since  simulating 
reduced  gravity  conditions  on  earth  is  virtually  impossible  for 
extended  periods,  some  minor  re-designs  or  alternate  systems  may 
be  necessary  on  operating  equipment  or  test  equipment.  The  third 
astronaut  would  be  a  medical  doctor  since  most  of  the  axpmutamts 
performed  in  the  space  laboratory  will  deal  with  man's  ability  to 
perform  in  apace.  He  will  keep  tab  on  the  crew's  physical  condition 
as  well  ea  to  determine  his  limits  during  the  various  experiments. 

Although  each  men  has  a  specialty,  he  must  have  a  fairly 
workable  understanding  of  the  others  duties.  He  suet  serve  his 
shift  as  station  operator  and  must  be  able  to  prepare  food  and 
keep  the  laboratory  shipshape  as  well  es  having  a  well  grounded 
schooling  in  anticipated  emergencies. 

ArmiaAfll  GriTifrr 

Many  problems  of  manned  space  flight  would  be  eliminated  if 
artificial  gravity  (or  centrifugal  acceleration)  were  eliminated. 

On  the  other  hand,  new  problems  are  created.  Perhaps  the  most 
fundamental  questions  to  be  resolved  by  Tassel  is  the  answer  to 
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this  pro  hie*.  A  few  notea  on  the  subject  ere  dismissed  below. 

If  gravity  i*  created,  the  design  of  equipment  aboard  the 
vehicle  ia  simplified  beoause  it  can  ba  built  by  long-edoptad 
engineering  jMStieee  wbara  gaa  convection  and  liquid  flow  ara 
natural.  Testing  of  such  equipment  can  ba  dona  on  aartb  and  reduction 
in  gravity  aooountad  for  by  approprlata  formulae,  Han  also  bsnafits 
in  that  ha  maintains  hia  equilibrium  —  ha  baa  an  up  anu  down  to 
orient  himself.  Whan  ba  exhales,  the  warm  gases  rise  due  to  weight 
differences  between  warm  and  cool  air  and  therefore  be  does  not 
rebreathe  stale  air.  Also  hie  body  heat  does  not  have  to  be  blown 
away  with  fans.  However,  rotating  a  vehicle  oreates  problems  in 
communication,  vehicle  orientation,  observations,  eto. 

Only  short-tsrm  experiments  with  true  weightlessness  have  bean 
performed.  They  resulted  in  varying  degrees  of  reactions  on 
personnel  suoh  as  a  plMBMt  feallng  for  eooe,  while  others  suffered 
from  disorientation  and  cation  sickness.  Only  crudely  simulated 
long-term  weightless  experiments  have  been  performed,  these  mainly 
in  water.  It  is  worthwhile  to  note  e  long-term  test  simulating 
weightlessness  conducted  and  performed  by  Dr.  Graveliiu  at  San  Antonio. 

Ha  Immersed  himself  in  water  for  e  week  with  only  his  heed  protruding. 

He  was  allowed  all  the  rest  he  needed  and  spent  his  hours  operating 
small  levers  nmlamewt  ii  when  work  problems  were  flashed  on  an 
electronic  panel.  Frequent  metabolic  checks  showed  adequate  balance 
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of  food  Intake  and  energy  output.  It  was  rsportad  that  during  tha 
waak  ha  only  alapt  7  hours.  Tha  organa  of  his  bod/  funotlonad 
normally,  his  bonas  and  museUa  ratpondad  quiekl/  to  weightlessness 
but  daily  asaadnatlona  shoved  his  mucolea  vara  getting  softer. 

Calcium  and  phosphorus  left  tha  bonas  and  made  bia  faal  loose  Jointed. 
Dr.  Gravaline  would  laava  the  water  for  short  periods  during  tha  da/ 
but  ha  said,  "Curing  tha  last  faw  da/s  of  tha  experiment,  it  was 
aetuall/  a  relief  to  get  back  into  the  vatai.” 

Immediately  after  Dr.  G rare line's  underwater  experiment  he 
was  put  into  a  centrifuge  where  he  blacked -out  at  a  little  under 
5  g'e. 

Experiments  of  this  kind  vary  pointedly  abow  that  problems  of 
wai^  .tlassnoss  and  reduced  gravity  must  be  solved  before  anymr»ampt 
at  manned  apace  flight. 
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Attitude  control  system  200 

Power  supply  (Batteries,  fuel  cell  &  equip.)  600 

Rotation  rockets,  cable  winoh  adapters,  etc.  300 

Instruaentation  30 

Total  useful  load  9400  lbs 

Centaur  stage  3600 

Total  orbital  weight*  13000  lbs 


*  Based  on  orbital  altitude  of  200  n.  al.  (satellite 
lifetime  ~  50  days. 
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TASSKL  ECO LOGICAL  SYSTEM  WEIGHTS 
(Thraa  a#troe*uta  -  3  Weak*) 


Oxjrgan  and  S  to  rag  a  equipment 

4L50  lb# 

Food 

200 

COj  absorber  ayatea 

375 

Water  abeorber  or  precipitator 

350 

Odor  abaorber 

80 

0>2  •”B2  °*kin  l*&kage 

75 

Water  and  diatiller* 

100 

Koo logical  ajratea  equipment 

200 

Total 

1800  lb* 

*  Wo  tat  Boat  mtir  available  will  be  from  bi -product  of  fuel  call. 
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SYSTEM  DESCRIPTIONS 

Natur*  of  Tassel  Orbit 

The  orbit  of  Tassel  can  be  quite  flexible  within  prescribed 
limit*.  Theae  limit*  depend  upon  the  characteristics  of  the  vehicle, 
the  anvironiMnt  in  which  the  vehicle  must  operate  and  the  launch¬ 
ing  facilities  to  be  available.  Since  rendetvous  is  not  a  requisite 
In  establishing  Tassel,  there  is  no  need  for  extremely  accurate 
orbits  or  for  orbits  \hat  oust  pass  over  certain  launch  sites  at 
regular  intervals.  (An  equatorial  orbit  is  desirable  for  a 
rendezvous  operation  because  the  vehicle  passes  over  an  equatorial 
launch  site  approximately  every  1^  hours.  Earth  rotation  and  orbit 
regression  creates  problems  for  other  than  equatorial  orbits.) 

Radiation  is  a  limitation.  The  Van  Allen  belt,  although  yet 

, 

uncertain,  is  considered  a  ring  structure,  approximately  symmetrical 
about  the  geomagnetic  axis,  restricts  the  vehicles  altitude  to 
roughly  390  n.  mi.,  no  matter  what  its  orbital  inclination  should 
be.  However,  restricting  the  vehicle  to  equatorial  orbits  of  30° 
to  40°  latitude  appears  to  provide  the  moat  sheltered 

region.  If  the  orbit  be  pAlar,  then  radiation  from  solar  flares 
becomes  a  hazard . 

Orbital  lifetime  limited  by  the  density  and  shape  of  the  vehicle 
and  the  density  of  the  atmosphere,  determines  the  lower  limit  of 
the  orbit,  figure  9b  shows  orbital  lifetime  as  a  function  of 
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Fifuro  9a  Atlaa/Coataur  Orbital  Paylaad 
Data  froa  Jon  Andruyko 


1J0  200  250  300 

Orbital  Altitude,  n.  al. 

Orbital  Lifotlaa 

Data  froa  t.  C.  Frajror,  PradaaigB  {9/59) 
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altitude  based  on  1959  AKEC  ataoephere  and  a  ■  ■  ■■—  of  10  lbe/eq*  ft. 

cdA 

Since  Tassel  Is  designed  to  operate  for  a  duration  of  21  days, 
the  curve  shows  that  a  minimum  altitude  of  180  n.  ml.  will  be 
required.  However,  due  to  guidance  tolerances  and  other  uncertain¬ 
ties,  a  200  n.  mi.  orbit  would  be  reasonable.  From  the  curve  the 
orbital  staytime  of  the  200  n.  mi.  orbit  would  be  90  days  or  about 
2fr  times  the  required  life  of  the  space  laboratory*  This  margin 
is  true  only  if  the  vehicle's  orbit  is  close  to  circular.  If 
error  due  to  guidance,  propulsion  or  other  equipment  should  take 
place,  an  elliptical  orbit  may  result  and  the  total  staytime 
would  depend  upon  the  shape  of  the  orbit  and  the  altitude  of  its 
perigee.  Except  in  extreme  cases  the  vehicle  orbit  would  be 
satisfactory. 

Orbital  lata 

200  n.  mi.  circular 
92  min  period 

^  *  frQ  »  19.69  revs/day  around  earth 
92 

For  each  pass  over  the  equator,  the  earth  rotates  960  m  ~o 

19.t>9 

Velocity  of  vehicle  29,280  ft/sec. 

With  a  200  n.  mi.  circular  orbit  Inclined  30°  with  the  equator, 
the  precession  rate,4*\,  would  be  approximately  as  followsi 
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Smc«  Laboratory 

The  laboratory  consists  of  three  major  bodiee,  the  apaca  cable,  tba 
earth  return  vehicle  "Taac"  and  tba  dapleted  Centaur  aystea.  Tho 
three  unite  arrive  in  orbit  joined  together.  Before  tha  laboratory 
can  be  eatabliebed,  Taac  oust  be  inverted,  tho  Centaur  tankage  muat 
be  removed  to  cable's  length  and  tba  entire  dumbbell  shaped  system  put 
into  rotation.  At  ffeesent  the  depleted  Centaur  ayatam  la  considered 
only  aa  a  counter  m&as  for  tha  other  two  bodies  for  creating  artificial 
gravity.  However,  as  the  apace  program  advances,  tha  Centaur  may 
provide,  in  addition  to  the  above,  a  remote  platform  for  conducting 
radiation  experiments,  communication  expsrimsnta  or  may  asrve  aa  a 
housing  for  the  laboratory's  futura  nuclear  electric  power  supply, 

(A  fuel  call  located  inside  the  cabin  la  the  contemplated  power  supply 

! 

for  tha  first  apace  laboratory  models.) 

The  apace  cabin  and  earth  return  vehicle,  "Taac",  comprise  the 

canter  of  activity  for  the  astronauts.  Although  Taec  is  a  separata 

body,  it  ia  joined  to  tha  cabin  and  a  tunnel  is  provided  for  free 

passage  between  the  two  vehicles,  Taoc  serves  as  a  eleeplng  room  for 

the  laboratory  during  orbital  stay.  This  is  desirable  primarily  from 

tha  aafaty  standpoint,  since  rapid  emergency  departure  frjm  the 

laboratory  would  require  that  the  resting  astronaut  be  out  of  the  way 

of  others  and  in  escape  position,  thus,  preventing  loss  of  valuable 

time  during  bail-out.  Taac 'a  ready  access  to  the  cabin,  lte  remoteness 

from  others  and  its  quietness  provides  a  therapeutic  retreat  for  the 
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utnuut  after  a  day  of  anxiety  and  strain.  Tba  constant,  insscapabls 
prsssncs  of  follow  humane  is  considered  to  be  a  stressful  situation. 
Arctic  explorers  and  others  haws  described  the  disruption  of  crews 
whose  Bombers  came  to  hate  the  sound  and  sight  of  their  companions. 

By  treating  Taac  as  a  separate  room,  it  will  provide  this  necessary 
escape  as  well  as  utilising  its  volume  effectively. 

Taac  is  located  farthest  from  the  center  of  rotation  so  that 
its  release  from  the  laboratory  does  not  involve  cable  fouling  or  impact 
by  rotating  structure.  The  fact  that  it  is  farthest  from  the  center 
of  rotation  means  that  its  gravity  level  is  the  highest  of  the 
inhabitable  areas,  thus  allowing  maximum  comfort  for  the  resting  astro¬ 
naut.  Taac  is  much  heavier  in  construction  and  smaller  in  surface 
area  maying  it  less  penetrable  than  the  cabin,  therefore,  it  provides 
the  astronauts  with  an  escape  shelter  to  sit-out  the  hasardo  of  a 
potential  meteorite  storm.  Tasc  is  air  conditioned  during  orbital 
stay  by  the  cabin  system,  but  the  capsule  could  quickly  switch  over  to 
its  own  system  if  needed.  An  air  lock  between  the  two  bodies  allows 
passage  even  though  there  exists  a  pressure  differential  between  the 


The  space  cabin  would  be  the  life  support  system  and  laboratory 
for  the  astronauts.  It  must  bo  designed  as  a  highly  reliable, 
hermetically  sealed  compartment  with  fail  safe  devices  for  detecting 
leaks.  A  amount  of  human  effort  would  be  required  for  its 

operation  and  maintenance. 
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The  cabin  includes  living  faciiitiae  for  eating,  recreation,  . 
washing  and  sanitation.  Various  stimuli  such  aa  radio,  TV,  games,  etc. , 
would  be  available.  The  interior  ia  planned  to  be  comfortable,  well 
ligbted  and  attractive.  The  work  spaces,  controls,  instrument  panels, 
etch,  will  be  human  engineered  insuring  Maximum  efficiency  of  the 
astronauts. 

At  each  end  of  the  cylindrical  cabin  is  an  entrance.  One  end, 
the  lower,  is  the  hatchway  permitting  passage  to  and  from  the  re-entry 
capeule,  Taac,  The  upper  entrance  is  an  air  lock  persiitting  the 
astronauts  wearing  thair  spaca  suits  to  leave  the  apace  cabin  and  perform 
special  missions  outside. 

It  appears  that  cost  of  the  early  misalons  performed  by  Tassel 
will  pertain  to  teats  conducted  inside  the  cabin  eubjecting  the 
astronauts  and  equipment  to  various  space  flight  conditions  at  reduced 
gravity.  Later  research  in  rendezvous,  rescue,  orbital  assembly,  etc., 
will  require  modification  to  the  basic  vehicle  depending  upon  the 
requirements  at  the  time. 

The  basic  cabin  layout  is  shown  in  Figure  3.  its  structure  must 
be  light-weight  and  capable  of  withstanding  accelerations,  vibrations, 
aerodynamic  heating,  temperature  variations  and  pressure  differentials 
encountered  during  ascent  and  during  orbital  stay.  The  cabin  will 
have  to  be  hermetically  sealed  to  prevent  any  appreciable  loss  of 
atmosphere. 


Thu  feCMMet  o— taw  aSornwtioM  ifltctwf  tt*  m ten*  toff***  **  Ox  Unite!  Suit*  wittun  tie  meewn (  c<  t*»  Upentf*  lerv  Till*  II 
mC,  Serten*  7M  md  744  l/erw.ixuo*  v  tta  imlitw  at  it*  conteiti  m  mj  w*wn»i  t»  st  unerttwutl  peton  i*  p»ot>ib<:«d  tj  i » 

, *„  06‘Nr,tt>CHTIM. 


CONVAIR  D  ASTRONAUTICS 


CONVAIR 


L. 


I 

j  , 


n.  ft  uri^r  iiti  *  i 


ASTRONAUTICS 


fU£_ 


The  wall ■  of  Tassel  are  made  up  of  three  sections j  tha  outer  shell, 
the  thermal  insulation  and  tha  inner  preaaura  liner.  The  outer  shell 
withstand*  imposed  structural  loads  and  acts  as  a  buapar  against 
meteoric  penetration.  The  thermal  insulation  protects  the  inner 
liner  which  is  an  integral  part  of  the  sealed  laboratory. 

The  cabin  consists  of  two  floors  functionally  designed  and  having 
several  centers  of  activity.  The  lower  floor  oontains  three  compartments 
separated  by  structural  partitions.  They  are,  the  bathroom,  the  life 
support  equipment  room  and  the  recreation  room. 

The  upper  floor  la  primarily  a  work  center.  Experimentation, 
observation  and  the  monitoris*  of  v&rioua  systems  is  done  here,  A 
control  console,  work  bench,  galley,  storage,  space  suit  closet  and 
the  laboratory's  electrical  pover  plant  are  located  on  tbe  upper  floor. 
Cryogenic  fluids  for  operating  the  power  plant  and  fepleniahing  the  air 
supply  are  planned  to  be  stored  in  insulated  containers  inside  the 
vehicle.  However,  it  may  be  found  advantageous  to  place  them  outside 
in  shaded  vacuum  dapending  upon  weight  and  permissible  boil-off  rates. 

A  JOO  Xvwhr.  H2O2  fuel  cell  is  planned  for  the  laboratory's 
power  supply.  250  watte  would  be  available  for  electronic  equipment 
and  750  watte  for  life  support  and  miscellaneous  controls,  thus,  the 
fuel  cell  uould  produce  a  continuous  1000  watt  output  for  3  weeks. 

Th#  fuel  cell  is  located  near  the  control  centar  for  handy  operation 
by  astronaut  on  duty.  It  is  placed  opposite  the  control  console 
allowing  a  more  favorable  mase  distribution  of  the  lebammttfFy.  Since 
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water  Is  tbs  chemical  bi-product  of  the  fuel  cell,  lie  location  allows 
gravity  flow  to  the  rest  rooo  below  and  the  galley  by  its  aide.  Ho 
pusping  is  necessary.  Also,  shorter,  lighter-weight  lead  lines  result 
from  the  power  soefrce  being  near  the  equipment. 

The  galley  is  located  on  the  upper  floor  which  is  away  froa  the 
sanitary  facilities  but  near  the  electrical  power  supply  operating 
the  food  locker  and  stovea,  Fumes  from  the  etove  must  be  carried  to 
tbs  air  conditioning  aysten  by  speiial  vent  covers  to  prevent 
contamination  of  the  cabin  air  of  greases  and  lingering  odors. 

Volumes  end  floor  areas  of  the  spaoe  laboratory  compartments 
are  tabulated  in  Table  3, 
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An  important  function  of  Tassel  is  to  determine  the  limits 
of  human  capability  when  varying  the  cabin  atmosphere.  Although 
humans  can  tolerate  a  great  variation  in  their  environment,  it  will 
not  be  possible  to  obtain  satisfactory  answers  to  the  extent  of 
these  limitations  until  an  actual  space  vehicle  is  operating  at 
sero  or  reduced  gravity. 

It  appears  desirable  for  space  stations  and  especially  long 
range  interplanetary  vehicles  to  reduce  the  cabin  pressure  to  5.5 
psia.  This  woulc  require  nearly  100$  oxygen  with  perhaps  a  slight 
dilution  if  necessary.  Talking  would  be  more  difficult  but  fire 
ha  sard  would  be  about  equal  with  that  of  1  atmosphere  since  .he 
oxygen  partial  pressure  is  about  the  same  in  either  case.  The 
following  is  a  list  of  advantages  in  using  5.5  psia  oabin  pressure! 

1.  Reduces  mixture  control  problems  of  oxygen  and  inert  gas. 

2.  Eliminates  having  to  carry  large  make-up  tanks  of  inert 
gas. 

3.  5.5  psi  is  a  compromise  oetwesn  3  pel  pure  oxygen  which 

is  the  lower  limit  of  suffocating  and  7  psi  which  becomes 

toxic. 

4.  Structural  integrity  can  more  easily  be  maintained  with 
explosive  decompression  having  lower  pressure. 

5.  Structural  design  at  lower  pressure. 

6.  Cabin  leakage  will  be  leas  with  less  pressure. 
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Although  5.5  pels  appears  to  have  certain  beneficial  advantages, 
Ita  aarlts  have  yet  to  ba  provan  by  actual  taat.  Tor  prolong ad 
parlods  at  aero  or  reduced  gravity,  it  appear a  beat,  until  other¬ 
wise  aubetantiated,  to  design  for  snvirai—itel  control  inside 
the  spaas  cabin  compatible  with  the  requirement!  of  the  astronauts 
aa  they  experience  at  sea  level  under  1  atmosphere. 

The  environmental  unit  (air  conditioning  and  atmospheric 
control)  must  be  capable  of  simulating  and  automatic  maintaining 
moderate  terrestrial  conditions  of  atmospheric  pressure,  temperature 
and  air  composition.  By  weight,  the  oxygen  concentration  must  be 
controlled  to  about  25*  Cl  5*) J  nitrogen  concentration  75*  (±  5*)| 

CO 2  concentration  below  C.5*J  CO  from  smoking  0.005*  max|  temperature 
70 0  r  (i  10°  F)  and  relative  humidity,  depending  on  the  temperature, 
about  35*  Cl  10*).  The  air  conditioning  units  and  atmospherio 
control  equipment  must  be  capable  of  continuous  operation  at  any 
C-level. 

Heat  loads  in  the  cabin  are  consi  iered  to  be  primarily  created 
by  the  astronaut's  activities,  the  electrical  energy  consumed  and 
the  heat  of  reaction  in  the  fuel  cell.  The  amount  of  heat  transferred 
from  this  outer  surface  through  the  insulation  to  the  cabin  is 
regarded  as  minor.  It  is  anticipated  that  most,  if  not  all,  heat 
intercepted  by  the  outside  ahmAl  will  be  reflected  or  radiated. 
External  sources  include  solar  and  earth  radiation,  evaporation  of 


Th.$  document  cflaUun  ,nto-mjt.on  eHect.n*  the  notional  oele»se  ot  the  United  Suits  •  thm  the  meen.n,  ot  the  ls<M>na(e  lm  Tide  II 
USC  Sections  '93  end  >94  The  tunsmuson  o<  the  reseution  at  its  contents  m  m,  mennei  to  ea  unto1  <onni  petso"  is  P'OhiOitcu  by  It* 


ienmt_AK_£0sQ22B _ 

rut _ 49 _ 


a  to  red  liquids.  Van  Allen  radiation,  ate. 

To  remove  heat  from  the  oabin'a  interior,  large  exterior 
radiators  are  provided.  The  process  operates  by  passing  cabin  air 
through  an  exehangsr  where  its  heat  is  oarried  to  the  external 
radiators  by  a  refrigerant  (perhaps  water).  Shutters  shade  the 
radiators  from  the  sun  as  well  as  providing  a  control  for  this 
refrigerant  teaperature. 

Ventilation 

General  commercial  aircraft  practice  provides  20  cu.  ft.  of 
air  per  ainute  per  passenger.  Seeping  with  this  established 
practice  —  the  space  oabin  air  with  1200  cu  ft.  voiuae  would  be 
changed  every  20  minutes  or  3  times  during  an  hour.  The  air  is 
circulated  through  ducts  of  ample  size  so  the  flow  is  kept  low 
in  the  ducts  and  far  below  draft  level  in  the  living  and  working 
areas. 

If  the  air  conditioning  unit  should  cease  functioning  1200 
cu  ft.  of  air  of  standard  atnosphere  would  contain  about  24  cu  ft. 
of  oxygen  per  astronaut.  This  would  allow  an  unacclioatized 
astronaut  to  carry  on  light  repair  work  for  12  hours  before  the 
oxygen  partial  pressure  drops  below  the  115  am  Hg  minimum  where 
oxygen  masks  oust  be  used. 

Kaat  Load  Calculation.. 

The  following  estimate  of  cooling  load  gives  the  amount  of 
air  required  for  circulation  and  the  amount  of  refrigeration  required 
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to  maintain  proper  living  condition*.  It  is  assumed  that  in  an 
average  situation,  one  astronaut  would  be  resting  while  the  other 
two  are  working.  Under  reduced  gravity  it  can  be  expected  that 
only  mild  work  energy  will  be  required.  Therefore, 

1  astronaut  resting  *  380  BTU/hr 

2  •  working  »  860  *  • 

Astronaut  Total  ■  1240  "  * 

The  fuel  cell  is  assumed  to  be  65%  efficient,  therefore,  of  the 

890  watt  output  the  fuel  cell  is  generating  *  1310  watts 

•65 

of  total  energy  or  1310  -  850  *  460  watts  by  heat  of  reaction. 

460  watts  x  3.413  =  1570  Btu/hr 
850  ■  x  •  »  2900  *  • 

Total  fuel  osll  4470  *  " 

energy 

With  cabin  conditions  to  be  maintained  at  70°  F,  35%  relative 
humidity  and  assuming  air  velocities  of  15  to  25  fpm,  the  A.S.H.V.K. 
comfort  chart  gives, 

wet  bulb  *  55°  F 
effective  temp.  =  65°  F 
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Of  the  1240  Btu/hr  fro*  the  astronauts  a  portion  is  given  up 
••  latant  haat  by  aoisture  avaporatsd  into  ths  cabin  air  and  a 
portion  is  given  up  as  aansibl*  haat.  At  70°  T,  tba  haat  loss  by 
evaporation  is  100  Btu/hr/ astronaut  (non  ssatsd  at  rsst  from 
A.S.H.V.E.  Handbk)  or  760  grains  of  aoistura/hr/astronaut. 

Latant  haat  -  )  x  100  *  300  Btu/hr 
Moisture  =  3  X  760  «  2290  grain/ hr 
Tbs  sensible  beat  loss  from  the  astronauts  *  total  loss  -  latent 
beat  loss 


s  1240  -  300 

*  940  Btu/hr 

o/n 

or  J240  *  76*  °f  total  loss 

Tba  total  eabin  sensible  heat  rates  with  25%  added  for  peak  outputs 
>  (astronauts  V  fuel  cells)  1.23 
*  (940  ♦  4470)  1.25 

3  6760  Btu/hr 

Since  tbs  cabin  is  provided  with  three  air  changes  per  hour 
there  are  1200  z  3  or  3600  eu/ft.  of  air  puaped  through  the  air 
conditioning  systea  per  hour  to  aaintain  the  70°  F  and  35%  relative 
buaidlty. 

3600  ou.  ft.  of  air  weighs) 


RT 


1/4.7 1  ml 

53.34  z  (70 


m- 


270  lbs. 
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I 
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Th«  temperature  difference  (At  )  between  incoming  air  from  the 
conditioner  and  cabin  air  in  order  to  handle  the  seneible  heat  load 
of  6760  Btu/hr  la  calculated  from} 

Qe  =  W  Cp(At) 

At  *  Ua 
W  Cp 

»  _ *>7t0 

270  x  0.24 

*  10°  temperature  differenoe 

thua,  the  duct  air  muat  be  60°  F.  In  order  to  retain  35$  relative 
humidity  in  the  cabin  the  air  conditioning  system  must  remove 
2280  grains  of  moisture  per  hour  and  the  moisture  removed  per  pound 

c  8.45  grains.  Thus,  from  a  "psychro metric 
270 

chart"  duct  air  muat  enter  the  cabin  at  b0°  F  and  39$  relative 
humidity •  Wet  bulb  temp,  of  48^  F  in  order  to  provide  cabin  comfort 
of  70°  F  and  35$  relative  humidity. 

The  2280  grains  (0.32b  lbs.)  of  water  per  hour  can  be  removed 
by  the  high  capacity  magnesium  perchlorate  Mg  (Cl  0^)2  or  other 
dessicants  such  as  calcium  oxide,  silica  gel  or  Linde  molecular 
sieves.  Between  2  to  3  lbe  of  Mg  (Cl  O^Jg  are  required  to  rewve 
1  lb.  of  water .  Thus,  from  0.65  to  0.98  lbs.  of  the  chemical  are 
required  per  hour  or  from  324  to  494  lbs.  for  the  three  week  period. 
This  being  far  too  expensive  to  carry  the  total  weight,  a  smaller 
amount  of  the  chemical  could  be  carried  with  provisions  for 
regeneration.  This  can  be  done  by  exposing  a  portion  of  the 
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chemical  to  the  outside  vacuum  while  another  portion  is  in  operation. 
Or,  by  letting  this  humidity  raise  during  short  periods  of  re¬ 
generation. 

Another  possibility  might  be  to  harness  the  reaction  heat  from 
the  fuel  cell  and  use  it  to  drive  a  refrigeration  system  that  will 
precipitate  moisture  from  the  air  as  well  as  cool.  The  refrigerant 
would  be  cooled  in  the  external  radiators  radiating  to  space  at 
approximately  180°  R  and  toward  earth  at  approximately  400°  R. 
Shutters  close  when  directed  toward  the  sun. 

To  maintain  the  cabin  temperature  at  70°  F,  the  air  must  be 
pumped  through  a  heat  exchanger  and  cooled  to  60°  F. 
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Svory  reasonable  precaution  will  have  to  be  taken  to  develop 
an  air-tight  apace  cabin.  A  special  rubberised  nylon  inner  liner 
will  serve  to  contain  the  cabin  air.  If  weight  permits,  this  liner 
may  be  self  sealing.  In  spite  of  the  precautions  taken,  it  ie 
believed  that  it  is  very  improbable  that  a  1009  permanent  sealing 
of  the  cabin  can  be  relied  upon.  Many  fittings  and  connections 
pass  through  the  liner  and  during  ascent,  the  vehicle  will  be 
rooked  and  vibrated  severely.  This  will  create  strain  on  the  inner 
liner  and  may  possibly  develop  infinitesimal  —n  Joint  leakage. 
The  air  lock  doors  and  the  Joint  between  the  re-entry  vehicle  and 
the  cabin  also  lend  themselves  as  possible  sources  for  leakage. 
Although  the  amount  of  leakage  is  arbitrary,  some  allowance  must 
be  made  in  the  air  requirements  to  handle  such  losses. 

For  example,  assume  a  hole  the  diameter  of  a  fine  hair  (say 
half-thousandth  of  an  inch)  exiting  air  from  the  cabin  at  one 
atmosphere  to  vacua  outside.  Assume  also  that  the  hole  has  a 
nossle  coefficient  of  unity,  allowing  the  air  to  escape  at  sonic 
velocity.  This  is  a  conservative  assumption,  but  illustrative. 

The  area  of  the  hole  would  be  about  10”4  sq.  inches  and  the  volume 
of  air  escaping  would  bet 
V  «  A 

*  10-4/144  x  1100 

*  7.b4  x  10*4  cu  ft/sec 
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Th«  unit  weight  of  the  escaping  gee  et  1  atmosphere  end  70°  F  is, 


-EL  .  U.7  x  144  x  7.64  x  10-4 

RT  53.3  x  530 


*  5.72  x  10*5  lbs/sec. 

For  e  21  day  mission  the  to tel  weight  of  escaping  air  would  be, 


W  =  5.72  x  10“5  x  86,400  x  21 

=  104  lbs 

If  the  pressure  were  reduced  to  5.5  paia,  then,  there  would  be 
only  39  lbs  of  air  escape  under  the  sane  conditions. 

Since  the  cabin  will  probably  be  operated  part  of  the  time 
at  14.7  and  part  at  5.5  psia,  the  average  weight  of  escaped  air 
would  be  about  70  lbs.  Five  pounds  will  be  needed  for  the  increased 
sise  of  the  air  supply  container,  thue  resulting  in  a  weight  cost 
of  75  lbs  for  extra  air. 
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The  Jhree  latronaut  £pece  gap aula,  Taac,  la  deaigned  alone 

a 

the  aaaa  baalc  llnaa  aa  the  NASA  Mercury  type  capaula  rather  than 
alone  tha  llnaa  of  a  glide  vahlola.  Although  a  glide  vehicle  poaaaaaaa 
eartaln  adrantagea  auch  aa  bettor  control  and  reduced  deceleration 
during  re-entry,  It  haa  largo  aurfaoa  araaa  which  make a  tha  vehicle 
larger  and  heavier  than  the  balllatla  type.  However,  acne  aodlfleatlona 
auch  aa  adding  control  flapa  nay  be  attached  to  tha  baalc  balllatla 
capaula  to  provide  eoae  degree  of  lift  and  control.  But,  until  the 
technology  of  oonatrueting  light-weight  gllda  vehiclea  baa  bean 
achieved,  it  appeara  to  be  no at  likely  that  payload  daaanda  will 
favor  tha  lighter  weight  belliatlc  body  auch  aa  abown  in  figure  4  and 
figure  5. 

Thla  deaign  draw a  on  the  information,  experience  and  technology 
available  froa  tha  Maroury  and  ballietie  alaaila  prograaa.  It 
allowa  a  aore  doalrabla  tradeoff  of  payload,  permitting  altbar  a 
larger  crew  or  fllgbta  of  longer  duration. 

The  apaca  capaula 'a  primary  function  la  to  protect  tha  eetronauta 
during  accent  and  during  re-entry.  Tha  capaula  la  conaldered  to 
ba  a Imply  deaigned,  compact  and  aaay  to  develop.  Ita  configuration 
la  predicted  on  tha  eapeulaa  uaage  with  advanced  apace  prograaa 
each  aa  tha  apace  laboratory,  Taaacl,  re ecu e  and  raoovary  opera t Iona, 
raodeavoua  experiment a,  manned  photo  roconnalaaanee  prograaa,  lunar 
ancouctera,  etc,  where  It  la  deelrable  to  have  a  aultl-aatronaut 
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Ta m  ia  designed  similar  to  tha  —  man  Mercury  capsule. 

Ita  >als  configuration  difference  ia  in  ita  larger  bod/  for  bjfcping 
3  aatronauta  and  its  poaaession  of  two  acceas  doors)  one  in  tbs 
cantor  on  top  surrounded  by  parachute  canisters  and  the  other  oa 
the  conical  frustum  portion  of  the  capsules  side.  There  will  be 
system  differences  such  as  in  electronics,  the  life  support  system 
and  structure  since  advancements  in  the  state-of-the-erts  have 
brought  forth  new  ideas  and  knowhow.  Also,  the  ny sales  more 
generalised  purpose  and  its  extended  mission  periods  will  introduce 
eertaln  functional  differences  that  will  dictate  arrangements  and 
modifications  to  the  basic  capsule,  depending  on  the  capsule's 
prescribed  mission. 

Since  re-entry  is  the  greatest  design  consideration  a  flat 
curvature  heat-shield  of  the  ablative  type  is  shown.  To  be 
aerodynamically  stable  during  re-entry,  the  capsule  must  have  its 
center  of  gravity  forward  of  its  center  of  pressure.  The  astronauts 
and  the  heavier  internal  equipment  must  therefore  be  located  as 
close  to  the  heat  shield  as  possible. 

Tests  have  shown  that  man  can  take  acceleration  loads  against 
his  back  better  than  in  other  directions.  Therefore,  tha  astronauts 
suet  experience  the  ascent  acceleration  and  the  re-entry  deceleration 
in  a  supine  position.  This  dictates  their  position  in  the  capsule 
and  the  capsules  attitude  relative  to  the  booster. 


Tim  eoMfol  assn  m*or«etK)»  Wfvctaf  tk*  MtanM  Wee  «*  tk*  iMitw  Stttn  vitkui  Ik*  — im|  «f  I 
UJC.  Stctan*  •*  t|4  Tk*  trmmauiox  *r  tk*  imw*  ,1  it,  cwtant,  i*  my  mmnm  t»  ar  mutkoriX 


fom  so.  imi 


CONriBEWTIAi 


J 


Tittt  II. 

it  protwbttrt  by  rm 


t 


c 


IrnurinriuTim 

ASTRONAUTICS 


For  capiuli  itibUltj  ted  reduction  la  boating  during  ra  entry, 
a  eona  shapad  afterbody  appears  moat  desirabla.  The  apex  of  the 
eono  must  bo  modified  somewhat  for  a  oenter  access  door  and  canisters 
containing  parachutes  for  the  final  descent. 

Since  safety  of  the  astronaut  is  paramount,  there  must  be  a 
dependable  escape  system  for  u>e  during  launching  and  booster  ascent. 
This  is  provided  by  using  emergency  rockets  to  launch  the  capsule 
off  from  the  missile's  nose.  Placement  of  these  escape  rockets 
prevent  blast  impingement  on  the  capsule  and  the  booster  tank 
structure  and  to  obviate  undesirable  overturning  moments  requires 
clustering  of  the  rockets  into  one  package  placed  on  a  tower  above 
and  away  from  the  capsule.  The  no sales  of  the  escape  rocket  will 
be  canted  to  eliminate  the  main  blast  from  striking  the  capsule. 

The  centerline  of  thrust  is  at  a  small  angle  with  respect  to  the 
missiles  centerline  providing  enough  side  component  to  send  the 
capsule  off  at  an  angle  thus  allowing  during  escape,  a  safe  margin 
of  clearance  with  the  ascending  missile.  Another  Lasic  purpose  of 
the  tower  is  to  provide  stability  in  forward  flight  during  escape 
by  moving  the  center  of  gravity  away  from  the  heat  shield  and 
toward  the  escape  rocket.  The  tower  is  Jettisoned  after  successful 
ascent  and  the  center  of  gravity  then  moves  back  near  the  heat 
shield,  where  it  is  best  located  for  re-entry. 
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The  capsule  during  a scant  and  re-entry  will  utiliaa  an  opan 
or  seei-cpen  acological  system  baaed  on  atored  food,  water,  oxygen, 
ate.,  and  N  existing  electrical  and  communication  ayataaa .  During 
orbital  stay,  the  ecological  system  of  the  parent  vehicle  will 
■upply  the  oapeule  with  atmosphere  and  power. 

Since  Taac  ia  too  hiavy  for  the  Atlas  alone  to  place  into 
orbit,  it  ia  neceaaary  that  an  upper  stage  be  used.  Figure  6 
shows  the  capaule  being  launched  by  an  Atlaa/Centaur.  The  more 
than  sufficient  impulse a  available  by  the  Centaur  makes  it  an  ideal 
upper  stage  for  perfecting  orbital  rendeevous  missions  since  it 
can  allow  trial  and  error  operations  in  orbit.  The  table  below 
gives  the  approximate  weight  of  the  re-entry  capsule  Tase. 

Without  With 


Launch  Condition 
Orbital  Condition 
Entry  Condition 


4400  lbs 


9000  lbs 


Motet  Orbital  condition  is  less  tbs  escape  tower  and  rockets. 
Entry  condition  is  less  the  retro-rockets. 
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Sine*  one  of  Tassel's  prime  purpose a  is  to  eatabliah  man 'a 


physiological  and  psychological  limits  in  space,  it  ia  necessary 


that  the  vehicle  have  as  much  versatility  as  possible  to  support 


such  experiments.  One  important  characteristic  of  Tassel  broad¬ 


ening  its  usefulness  is  its  ability  to  provide  and  vary  the  G— 


l*v*l  In  the  space  cabin.  G— level  is  accompli shea  by  cable 


connected  masses  rotating  about  their  common  center  of  mass.  One 


of  the  mmb  is  the  space  laboratory  while  the  other  is  the 


empty  Centaur  tank.  When  the  system  is  provided  with  angular  velocity, 


a  G-level  is  produced.  The  G-level  depends  upon  the  length  of  the 


cable  system  and  the  velocity  of  rotation.  When  the  system  is 


rotating  and  the  connecting  cable  is  shortened,  by  conservation 


of  momentum,  the  system  increases  its  angular  velocity  which  is 


accompanied  by  an  increase  in  the  G-level.  Tassel  has  a  winch  on 


the  cable  to  provide  variation  in  G-level. 


The  following  section  discusses  quantitatively  the  characteristics 


of  rotating  the  cable  connected  bodies  about  their  common  center  of 


Atlas/Centaur  is  capable  of  delivering  about  13,000  lbs  into 
a  200  n.  mi.  orbit  (Figure  7)  of  which  part  is  payload  and  part 


is  the  Centaur  stage.  ,  The  resolved  weights  of  the  payload 


the  Centaur  are  about  9,400  and  3,600  lbe  respectively.  (This  ia 
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estimated  on  the  basis  of  the  3,750  lb  Centaur  where  Included  arei 
93  lbe  of  autopilot,  157  lbe  of  guidance,  20  lbe  of  inverter  and 
power  change-over  equipment,  30  lbe  of  batteriee,  a  20  lb 
tranaponder  and  275  lbs  of  special  installations  for  Tassel  such 
as  cable,  cable  attachments,  rotational  rockets  reinforcements, 
controls,  etc.  Removed  from  the  basic  Centaur  arei  39  lbs  of 
range  safety,  303  lbs  of  telemeter  equipment  and  90  lbs  of 
batteries.) 


The  common  center  of  mass  of  the  Tassel  system  is  shotm 
in  Figure  10. 


Figure  10 
Center  of  Mess 
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•  i/ata*#  ciooent  of  inertia  about  the  coAnon  center  of 

mass  iai 

*■  m  (0.277L)2  ♦  ^Qfi  (0.723X.)2 

32*2 


■  22.4  L2  +  58.5  L2 

*  80.9  l2  sl  -  ft2 

Mot«i  For  simplicity,  ths  moment  of  inertia  of  the 

individual  masses  about  their  own  C.H.  ia  regarded 
as  negligible.  A  plot  of  the  system's  moment  of 
Inertia  is  shown  below. 


L  "  (Length  of  cable  system)  in  feet 
Figure  11 

Tassel  System  Moment  of  Inertia 


TAi$  Oocumen*  conUins  on  effecting  the  nelon.l  defense  cf  tf«  united  Stetet  within  the  meen-ng  of  the  Iso.onege  lews  Title  II 

U$C.  Sections  ’13  one  /W  The  tienwr-ssor  «  the  'eeeletion  ol  its  contents  in  en,  menner  lo  en  uneuthoi  led  pe'un  s  O'Oh.bited  by  lew 

OOWf  IDCWTIAL 


p 


c 


OONftfreWTIAt 


CONVAIR 


ASTRONAUTICS 


utrati  A»  600228 

M«_ _ 41 _ 


Sloe*  the  ayatem  ia  in  a  zero-G  environment  while  orbiting, 
the  only  gravity  created  within  the  capaule  ia  produced  by  the 
certri|tagal  force  of  the  ay at as  rotating  about  ita  own  center 
of  aaaa.  The  artificial  gravity  created  aa  a  function  of  angular 
velocity  and  ayatea  length  ia  foraulized  from  the  centrifugal 
force  equation  (F  =  ni?r)  equated  againat  the  force  in  the  aecond 
lav  of  motion  (F  =  aa)  i.e., 


■  u. r  r  »  B  A 

5 

a  *  oo*  r 

where  i 

a  *  acceleration  (ft/aec2) 
co  *  angular  velocity  (rad/aec) 
r  *  radiua  of  rotation  (ft) 

To  axpreae  the  artificial  acceleration  G  in  the  cabin  of  Taaael 
in  terna  of  rpai  and  ayatea  length  Li 


uj  (rad/aec) 
r 
G 


0.1047  (RPM) 
0.277  l 


G  s 


32.2 

L0.1047  (RPH)  ]  2  0.277  L 


32.2 
2 


32.2 

9.41  (HFH)2  L  x  10*5 
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The  rotational  velocity  of  the  ay s tea  as  e  function  of 
system  length  for  various  indue eo  G-levels  is  shown  in  Figure  12. 
It  should  be  noted  that  the  acceleration  at  the  Centaur  tank  is 
2.61  times  that  in  the  oabin  since  its  radius  is  thie  factor 
greater  from  the  aystea's  center  of  mass. 

Once  the  epace  laboratory  is  set  into  rotation  it  will 
maintain  a  constant  angular  velocity  and  provide  a  steady 
artificial  gravity.  However,  it  may  be  desirable  to  produce  a 
greater  or  leas  gravity  level  if  a  particular  test  requires,  or 
if  necessary,  to  provide  a  higher  gravity  level  to  condition 
the  crew  members  for  their  return  trip  thru  the  atmosphere.  To 
accomplish  the  task  of  varying  the  gravity,  a  winch  ia  placed  on 
the  cable.  It  can  reel  in  and  shortca  or  reel  out  and  lengthen 
the  cable.  Since  a  constant  sngnT»p  momentum  is  maintained  in 
the  ayetem,  reeling  in  the  cable  will  tend  to  increase  the 
rotational  velocity  and  in  turn  increase  the  gravity  level. 

The  angular  momentum  of  the  system  1st 

JL  *  Ja  uj  al  -  ft2/sec  / 

•  '  -items  moment  of  inertia  si  -  ft2 

CO  *  angular  velocity  rad/sec. 

Ja  *  73.2  L2  for  Tassel 


Jl  -  kx  L2uj 


Tfc.s  document  contains  •afoffruf.on  *t»ect."f  the  national  defense  of  the  Jmtctf  States  w«m*n  me  meaning  of  me  Espionage  Laws.  Title  1|. 
USC.  Sections  79J  and  794  The  tianwnss.on  of  the  » eve  let  ion  of  its  contents  m  any  manner  to  an  unauthorised  person  s  prohibited  by  law 


*CONFIPCHTIAL  ■» 


CONVAIR  ASTRONAUTICS 


kpwt  A»  6Q-Q228 . 
mi  66 


Th*  gravity  level  (G)  produced  bjr  rotation  1st 


from  which 


r  »  radius  to  center  of  use  «  K2  i  then,  G  ■  L 

u  (!>* 


substituting  in  above  equation  angular  Momentum  say  be  expressed 
in  terse  of  G-level  and  cable  length  of  eystea. 

X  -  kxL2  k4  (£)* 

■  kj  (GlPji 

(notei  for  Tasael  k?  *  820) 

By  equating  the  angular  aoaentua  of  the  eye tea's 
conditions  with  the  angular  aoaentua  of  a  new  cable  length  and  new 
G-level,  the  new  cable  length  (L*)  is  derived  aat 


k5  (0t>)*  •  k,  (0,  1,3)* 


l«V>V3 
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L  (Length  of  cable  eye  tea)  in  foot 
Flgora  1) 

Constant  Angular  Hoaentua  Curves 
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L  (Length  of  oable  eye tea)  In  feet 

Vlgur*  14  Decrease  in  Cable  Length  Required  to  lncreaee  G- Level  froa  l/b  0 
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thus,  if  initial  conditions  were  L  *  500  ft  cable  and  1/6  G* 
than,  to  produce  1  G,  the  cable  length  must  bet 
/  i/*\V3 


^  *  500 


«  275  ft. 

The  plot  below  shows  the  effect  on  gravity  by  varying  the 
cable  length  for  various  constant  angular  aoaentuas. 

Energy  of  Rotating  Systaai 

The  Taesel  systea  by  nature  of  its  rotation  possesses  kinetic 
energy.  This  energy  oust  be  imparted  to  the  system  by  rockets. 

To  compare  the  energies  of  various  rotational  diameters  and  G-levels 
the  following  quantitative  analysis  is  nadei 

K.E.  *  i  J_u£  ft-lbe 


systems  moment  of  inertia 
80.9  L2  (for  Taesel) 
systems  angular  velocity  in  rad/ esc. 
0.1C47  (RFM) 

9.41  (RPM)2  L  x  10*5 
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To  rotate  the  two  assess,  thrust  mutt  be  applied  normal  to 
the  cable  canterline.  Since  $0  lb  hydrogen  peroxide  units  are 
already  designed  for  the  Centaur.  These  would  be  aatlafactory 
units  to  use.  In  reality.  It  nay  not  ba  desirable  to  place  a 
thrust  unit  on  the  cabin  as  well  as  on  the  Centaur  tank,  but  for 
this  analysis,  it  is  assuaed  there  is  thrust  Imparted  to  both 
bodies.  $0  lbs  of  thrust  Is  applied  to  the  Centaur  at 
0.723  L  feet  froa  the  cantor- of  rotation  (cantor  of  aass).  Its 
aoaent  of  Inertia  about  the  C.M.  Is  *  $8.3  L2  el-ft2.  The 
cayin  Is  0«277  L  feet  froa  the  C.N.  with  i  J  •  22.4  L2.  The 

Q 

aaount  of  thrust  (F)  required  at  the  cabin  to  provide  saae  •■gwiae 
acceleration  (« )  and  angular  velocity  (W)  as  the  Centaur  tank  aystea 


r  (radius) 


o<-  a 


*i  ft 
Jt 


*c  “  *t  * 


(*)■(■«■) 


Lh Z*±J  ,  (j&jZ.) 

V  58.5  L2/  \  0.277  L/ 


(1)_ 
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Therefore,  the  thrust  at  the  cabin  la  the  mjm  as  the  thrust 
at  tha  Centaur,  l.e. ,  50  lbs.  normal  to  the  radial  centerline. 

The  acceleration  of  the  s/stea  with  50  lb  thrust  units  mounted  on 
each  bod/  Is, 


o<.  m  ■  .  I  »  m  — —  r— 

Jt  Je 

■  50  x  0.723  L 
58.5  L* 

»  0.618  i 

L 

The  total  Impulse  (1^)  of  the  s/atea  In  terms  of  HPM  and 
length  of  cable  s/staas  (L)  Is, 

it  *  <rt  *  re)  t 


*  duration  time  of  firing 

■  (rad/sec) 

*  <0»1<K7  BPM) 

0.618  i 


then  for  Tassel,  lt  m 


2  (50)  0.1047  (RPM)  L 

0.618 

16.9  (RIM)  L 
1740  V  Oh 


C 
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Fig  16  ToUl  lapulM  awl  Tlao  to  Achloro  flotation 


Fig  17  Propellant  Weight  Required  to  Initiate  Rotation 
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The  tla^(t)  to  arrive  at  tha  desired  RPM  with  two  $0  lb  thrust  units 

t  «  »  H 

F  2  x  50  100  ^SKC*^ 

1^  and  t  ars  plotted  in  Fig.  16  and  Propellant  weight  required 
plotted  In  Figure  17  against  L. 

It  should  be  noted  that  a  considerable  reduction  in  propellant 
nay  be  realised  if  the  cable  is  long  when  initiating  rotation,  than, 
shortening  to  Increase  the  G-level.  For  exanple,  initiating  1/4  G 
with  a  500  ft  cable  requires  98  lbs  of  H202  propellant  Fig.  17. 

Froa  the  constant  angulirr  aoaentua  curves  (Fig.  13)  by  shortening 
the  cable  with  a  winch  after  achieving  1/4  G  by  roekete,  froa  500 
to  275  feet,  1  G  can  be  realized  in  the  cabin.  However,  if  1  G 
were  to  be  required  with  no  ahortenlng  of  the  cable,  then  froa 
Fig.  16  180  lbs  of  would  be  necessary.  This  is  82  lbs  less 
H2P2*  of  course,  the  weight  of  the  winch  and  the  power  to  operate 
■mat  be  included  to  provide  a  aa ft  realistic  coaparison. 

Assuming  a  winch  with  a  capacity  of  5  tons  (sufficient  to  handle 
1  G  at  the  cabin)  provided  with  an  electric  no tor.  The  hoist  would 
have  a  worn  drive  to  lock  the  a run  in  any  position  where  the  m>Xor 
stops.  Aasuaed  Is  a  oOil  gear  ratio  wlMh  with  a  6  inch  average 
dlaaeter  drua  and  a  cable  capacity  Af  225  ft.  The  input  motor  is 
assumed  operating  at  120  rpa  with  an  efficiency  of  86%.  According 
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to  the  Do  Laval  Company,  thair  emperical  formula  for  worm  gearing 
for  beat  thruat  bearings  la  e*  *  1  -  0.005  rT  where  rT  *  speed 
ratio  of  won  and  gear.  Thus  for  60  to  1  e*B  1  -  0.005  (60)  * 
0.70  or  70JC.  The  combined  efficiency  of  motor  and  winch  is  than, 
0~0*/*  •  O  7o  *  O  ©G>  •  O  60  ar-  60/4 

Each  rpm  the  drum  reels  in  ^  =  1.57  ft.  With  a  120  rpm  motor,  the 

cable  reals  in  -gp  x  1.57  *  3.14  ft  par  minute  which  would  require 


a  time  period  of 


■  72  minutes  to  shorten  the  cable  from  500 


ft.  at  1 /6  C  to  275  ft  at  1  G.  From  Pig.  13,  the  average  0-level 
with  respect  to  operating  time  is  approximately  38  G.  The  average 
weight  moved  by  the  winch  would  be  9400  lbs  x  0.38  =  3570  lbs. 

The  Work  done  by  the  winch  is  3570  x  3.14  *  11,200  ft-lbs/minute 
or  11,200/33,000  *  0.34  HP  •  The  electric  motor  would  require  an 
input  of  §*££  *  0.567  HP  or  422  watts  for  72  minutes  (0.5  KWH). 
The  peak  load  will  occur  as  the  system  la  approaching  the  1  G 
condition  at  end  of  run  where  the  power  required  is  844  watte.  This 
is  close  to  the  850  watt  output  of  the  electrical  power  fuel  cell. 

The  weight  of  the  winoh,  motor,  electrical  cable  and  control 
is  assumed  to  be  about  50  lbs.  The  t2  and  H2  fuel  and  tankage  for 
0.5  KWH  burned  in  the  fuel  cell  to  provide  power  to  the  winch  would 
be  about  2  lbs.  225  feet  of  3/8  cable  7  x  19  (breaking  strength  of 
14,400  lbs  gives  5C5  safety  margin)  weighs  48  lbe  with  fittings. 

The  total  weight  of  the  winoh  system  with  the  extra  225  feet  of 
cable  weighs  approximately  100  lbs. 
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A*  Motioned  in  tin  example  above,  180  lba  of  propellant  would 
be  required  to  initiate  1  G  spin  with  a  275  foot  cable  system.  On 
the  other  hand,  with  a  winch  system  it  requires  only  98  lba  of 
propellant  to  initiate  spin  to  l/b  G  with  a  500  foot  cable,  then, 
by  reeling  in  this  cable  to  275  feet,  a  1  G  level  la  achieved. 
However,  aa  calculated  above,  approximately  100  lba  for  the  winch 
system  must  be  added  to  the  98  lbs  making  the  winch  system  about 
18  petnds  heavier  than  the  direct  cable  system. 

The  above  example  la  calculated  for  only  one  condition  but 
serves  to  point  out  that  by  aoding  a  winch  to  the  cable  system  the 
versatility  feature  of  changing  G-levola  may  be  had  at  relatively 

If  any  additional  coat  to  the  overall  weight. 

Cc.iolie  Acceleration 

Thin  acceleration  is  a  phenomenon  that  is  created  when  a  body 
1*  moved  parallel  to  the  redial  axis  of  a  spinning  system.  When 
the  body  moves  the  acceleration  acts  perpendicular  to  the  direction 
of  the  body's  motion.  An  example  which  most  everyone  has  experienced 
thmtmct  of  walking  toward  or  away  from  the  center  of  a  merry-go- 
round,  while  it  is  in  notion.  A  person  tends  to  veer  sideways  and 
lose  his  balance.  The  effect  depends  upon  the  merry-go-rounds 
period  of  rotation  one  the  velocity  of  the  persons  motion  toward  or 
away  from  the  hub.  In  space  station  design,  the  corioiis  acceleration 
may  become  rather  annoying  to  an  astronaut  if  he  is  producing  his 
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vertical  acceleration  by  high  rpm  about  a  short  radius.  In  the 
design  of  Tassel,  a  long  cable  would  provide  sufficient  vertical 
acceleration  with  a  slow  period  of  rotation,  thus,  the  Coriolis 
acceleration  would  be  reduced  to  a  reasonably  low  level. 

In  moving  from  one  floor  to  another  in  Tassel  or  moving  one's 
hand  up  or  down  while  operating  controls,  a  motion  of  3  ft/sec  is 
believed  an  average  velocity  to  be  considered  in  calculating  the 
Coriolis  acceleration.  The  following  curves  show  the  effect  of 
Coriolis  acceleration  as  a  function  of  the  space  lab's  RFM.  It  is 
based  on  the  formula 

*  ■  v 

T  c  period  of  revolution  (secs) 

U  =  radial  velocity  (ft/sec) 
a  =  Coriolis  acceleration  (ft/seo2) 
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An  example  with  the  aid  of  the  graph  above »  An  astronaut  An 

a  space  station  rotating  at  2  rpa  raises  his  hana  vertically  3  ft/**0 

towards  an  object  3  feet  directly  above.  If  he  did  not  restrain 

2  2 

his  notion,  his  hand  would  tend  to  vesr  (S  *  ^  at  =  x  1.2 b  (1)  * 

0.63)  inches  to  the  objects  side. 

To  further  the  discussion,  suppose  the  astronaut  under  low 
vertical  acceleration  is  Jumping  fron  the  lower  floor  to  the  upper 
thru  the  liatchway.  If  he  is  not  caution  he  could  veer  sideways 
enough  to  bang  hinself  against  the  side  of  the  hatchway  or  perhaps 
eraek  his  head  on  an  obstruction  above. 

Although  Coriolis  acceleration  will  be  present  at  any  angular 
velocity,  its  effect  is  sore  noticeable  at  lower  gravity  levels,  for 
instance  the  space  station  Tassel  rotating  at  2  rpa  with  a  cable 
system  27  feet  long  would  produce  0.01  G.  The  Coriolis  acceleration 
at  3  ft/sec  radial  velocity  at  2  rpa  is  0.039  C  or  almost  A  times 
the  vertical.  With  this  criteria,  an  astronaut  supposedly 

Jumping  vertically  would  in  reality  veer  off  on  a  75°  angle  w4  th  his 
vertical.  This  example  nay  be  an  extreme  case,  but  refering  to 
figure  i  © .  which  is  a  graph  of  Coriolis  acceleration  to  vertical 
acceleration  for  various  length  oable  systems  and  various  rpm,  the 
Coriolis  effect  as  shown  is  very  considerable  with  short  cable 
lengths.  At  2  rpm  with  a  100  foot  cable  system  the  Coriolis  to 
vertical  acceleration  ratio  is  one  which  means  that  a  radial 


velocity  of  3  feat/sec  would  veer  an  object  off  at  49°  angle.  The 
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tentatively  design  standard  for  Tassel  having  a  500  foot  cable  system 
at  2  rpn  provides  approximately  1/6  g  vertically  and  a  20%  side 
coriolis  acceleration.  For  example,  under  these  conditions,  water 
being  poured  into  a  glass  12  inches  directly  below  the  pitcher  spout 
would  piss  the  center  of  the  glass  by  2.1  inches.  This  could  be 
rather  disconcerting  if  allowance  were  not  made. 

It  is  believeo  that  the  tolerable  level  of  Coriolis  acceleration 
will  be  a  deciding  factor  when  determining  what  length  cable  system 
should  be  used.  Dr.  Thomas  R.  Davis,  M.D.  of  the  D.S.  Army  Medical 
Research  Center  states  in  Atlantic  Monthly  that  "rotation  creates 
an  interesting  but  disturbing  set  of  medical  problems  associated 
with  the  organs  of  balance.  If  a  man  or  an  animal  is  rotated 
and  the  axis  of  his  vertibular  apparatus  is  changed,  as  in  nodding 
or  tilting  of  the  head,  some  wonderfully  fantastic  anc  highly 
disturbing  results  take  place,  similar  to  those  we  experience  during 
a  ride  on  a  super  roller  coaster.  Very  few  individuals  can  tolerate 
much  of  tils.  Some  vomet,  some  manage  to  emerge  with  only  a  pale 
green  complexion,  and  others  have  had  to  go  to  bed  to  recover. 

Current  research  has  done  much  to  define  the  psychophysiology 
of  the  problem.  The  adverse  effects  of  rotation  vary  greatly  from 
one  individual  to  another.  Professional  dancers  and  acrobats  are 
the  least  effected.  If  rotation  is  necessary,  there  is  some  glimmer 
of  hope,  for  it  has  been  shown  that  animals  and  man  have  a  fairly 
rapid  ability  to  adapt  to  the  effects  of  rotation." 
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The  following  two  illustrations  nr#  from  an  earlier  Convair 
raport  No,  AZP-100,  by  F,  D'Vlncsnt,  depicting  a  Two-astronaut 
apace  laboratory.  Thoaa  illustrations  are  included  ae  an  addendum 
because  the  Tassel  design  concept  has  been  patterned  after  the  Two- 
astronaut  ay ste&. 

In  general,  the  name  design  philosophy  exists  for  the  two  concepts. 

The  laboratory,  supplies,  re-entry  vehicle  and  astronauts  are 
boosted  into  orbit  as  a  unit,  thus  eliminating  the  need  for  orbital 
rendeevous.  The  depleted  Centaur  tankage  is  ueod  as  a  counter-mass 
for  providing  centrifugal  gravity  in  both  designs. 

i 

Variations  in  detail  design  between  Tassel  and  the  Two-astronaut 
oyatea  are  itemised  as  follows t 

(1)  Tassel  orbits  3  men  for  a  duration  of  approximately  3  weeks. 

The  Two-aatronaut  system  orbits  2  men  for  about  5  weeks. 

(2)  Tassel's  design  is  based  on  a  newly-developed  re-entry 
capsule  accommodating  three.  This  new  design  features  an 

^access  door  on  top  of  the  capsule,  increasing  the  capsule's 
usefulness  as  an  all-purpose  re-entry  vehicle  and  its 
adaptability  to  various  advanced  space  systems. 

The  Two-astronaut  system  employs  a  modified  Mercury 
capsule  design  with  s  minimum  of  rework. 

i 

i 
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(3)  Tassel  requires  that  its  re-entry  capsuls  be  Inverted  in 

orbit,  simplifying  access  to  the  space  cabin  and  allowing  the 
capsule  to  be  utilised  as  a  separate  room  for  sleeping. 

This  is  also  very  desirable  from  the  safety  standpoint. 

The  Two-astronaut  system  requires  a  tunnel  between  the 
capsule  and  the  cabin  for  by-passing  the  capsule's  heat 
shield,  because  the  Two-astronaut  system's  re-entry  capsule 
is  not  intended  to  be  inverted,  the  centrifugal  gravity 
created  by  rotation  acts  in  the  wrong  direction  with 
respect  to  the  capsule's  top.  Ths  gravity  force  tends  to 
throw  the  astronaut  out  of  hie  couch,  making  the  capsuls 
unsuitable  ae  a  sleeping  room,  Ahis  also  means  that,  prior 
to  Jettisoning  from  the  laboratory,  the  astronauts  must 
strap  themselves  in  their  ceiling  couches. 
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FIG.  21  ORBIT  TWO-MAN  SYS.  (REF.  AZP-lOO) 
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